^ID-B192  £83 


UNCLASSIFIED 


EFFECTS  OF  PSVCHOPHVSICAL  LIFTING  TRAINING  ON  NAXINAL  1/1 
REPETITIVE  LIFTING  (U>  ARNV  RESEARCH  INST  OF 
ENVIRONMENTAL  MEDICINE  NATICK  MA  M  A  SHARP  ET  AL 
DEC  87  USARIEH-H-12/88  F/G  £718  NL 


AD- A 192  605 


te  FILE  cue' 


REPORT  DOCUMENTATION  PAGE 

la.  REPORT  SECURITY  CLASSIFICATION  _ '  |  1b.  RESTS 


form  Approved 
0MB  No.  0704-0188 


1b.  RESTRICTIVE  MARKINGS 


2a.  SECURITY  CUkSSIFlCATION  AUTHORII 
Unclassified  , 


Unclassified 
2b.  DECLASSIFICATION  /  DOWNG 


3.  DISTRIBUTION /AVAILABILITY  OF  REPORT 
Approved  for  public  release;  distribution 
is  unlimited 


[4.  PERFORMING  ORGANIZATION  rE 


NUM6ER(S) 

^-1 


5.  MONITORING  ORGANIZATION  REPORT  NUMBERfS) 


I  6a.  NAME  OF  PERFORMING  ORGANIZATION  , 
I  US  Army  Research  Institute  of 

Environmental  Medicine 


OFFICE  SYMBOL 
(If  applictblo) .  ■ 
SGRD-UE-PH 


6c  ADDRESS  (C/ty,  5rat«,  and  ZIPCodt) 
Kansas  St. 


7a.  NAME  OF  MONITORING  ORGANIZATION 
Same  as  6a. 

7b.  ADDRESS  (City,  State,  and  ZIP  Code) 


Natick,  MA  01760-5007 


8a.  NAME  OF  FUNDING /SPONSORING 
ORGANIZATION 


iBb.  Office  SYMBOL 
I  (If  applicable) 


9.  PROCUREMENT  INSTRUMENT  IDENTIFICATION  NUMBER 


8c  ADDRESS  (City,  State,  and  ZIP  Code) 


10  SOURCE  OF  FUNDING  NUMBERS 

PROGRAM  PROJECT 

ELEMENT  NO.  NO. 

62787A  3E162787A8i 


PROJECT 

task 

NO. 

NO. 

3E162787A87 

3  BF 

WORK  UNIT 
ACCESSION  NO. 

DAOB6146 


1 1 .  TITLE  (Include  Security  Clauification) 

Effects  of  psychophysical  lifting  training  on  maximal  repetitive  lifting  capacity 


12.  personal  author{S) 

M.A.  Sharp  and  S.J.  Legg 
138.  TYPE  OF  report  jl3 

Manuscript  F 

16.  SUPPLEMENTARY  NOTATION 


13b.  TIME  COVERED  14.  DATE  OF  REPORT  {Year,  Month,  Day)  |15.  PAGE  COUNT 

FROM  Feb  85  TO  May  85  December  1987  I  26 


COSATI  CODES 


GROUP 

SUB-GROUP 

18.  SUBJECT  TERMS  (Contnue  on  reverse  if  rtecessary  artd  identify  by  block  number) 
JLepetitive  lifting,  training,  maximal  exercise 


fhe  purpose  of  this  investigation  was  to  determine  the  effectiveness  of  psychophysical 
lifting  training  on  maximal  repetitive  lifting  capacity.  Maximal  repetitive  lifting  capacity 
was  defined  as  the  maximum  ^^x ^ mass  that  could  be  lifted  for  a  full  hour  to  a  height  of  132 
cm  at  a  rate  of  6  lif tsrmin^  Eight  male  subjects  participated  in  five  psychophysical 
lifting  training  sessions  ea'cV  week  for  four  weeks.  Each  day  subjects  were  presented  one 
empty  and  one  heavily  loaded  box  and  asked  to  adjust  to  the  maximum  l^ad  they  felt  capable  of 
lifting  for  one  hour.  This  load  was  lifted  at  a  rate  of  6  lifts*jnin_^  .to,  a  height  of  132  cm 
for  two  15  minute  session^.  After  four  weeks  of  training,  subjects  did  not  select  a  heavier 
training  load,  exhibit  a  decreased  training  heart  rate,  or  report  a  decreased  training 
ratings  of  perceived  exertion.  The  training  program  produced  a  significant  increase  in  one 
hour  maximal  repetitive  lifting  capacity.  The  box  mass  selected  for  the  maximal  repetitive 
lifting  capacity  test  increased  significantly  following  training,  with  no  concomitant  change 


in  V0~,  heart  rate  or  RPE.  It  can  be  concluded  that  while  psychophysical  training  is  not  a 


20  DISTRIBUTION /AVAILABILITY  OF  ABSTRACT 
□  UNCLASSIFIED/UNLIMITED  □  SAME  AS  RPT 
22a.  NAME  OF  RESPONSIBLE  INDIVIDUAL 


21.  ABSTRAO  SECURITY  CLASSIFICATION 


□  OTIC  USERS 


I22b  TELEPHONE  (/nc/iAFe  Area  CodeJ  I  22t.  OFFICE  SYMBOL 


DD  Form  1473,  JUN  86 


Previous  editions  are  obsolete. 


security  classification  OF  THIS  PAGE 


progressive  resistive  routine,  a  substantial  increase  in  work  output  for  a  given  energy 
expenditure  can  be  expected  in  inexperienced  lifters.  These  increases  are  attributed  to 
neural  factors  and  possible  increases  in  the  niuscular  endurance  of  specific  muscle  groups 
occurring  with  practice. 


Abstract 


The  purpose  of  this  investigation  was  to  determine  the  effectiveness  of 
psychophysical  I ifting  training  on  maximal  repetitive  I  if ting  capacity. 
Maximal  repetitive  lifting  capacity  was  defined  as  the  maximum  box  mass 
that  could  be  lifted  for  a  full  hour  to  a  height  of  132  cm  at  a  rate  of 
6  lifts*min~^.  Eight  male  subjects  participated  in  five  psychophysical 
lifting  training  sessions  each  week  for  four  weeks.  Each  day  subjects 
were  presented  one  empty  and  one  heavily  loaded  box  and  asked  to  adjust 
to  the  maximum  load  they  felt  capable  of  lifting  for  one  hour.  This  load 
was  lifted  at  a  rate  of  6  lifts«fflin~*  to  a  height  of  132cm  for  two  15 
minute  sessions.  After  four  weeks  of  training,  subjects  did  not  select  a 
heavier  training  load,  exhibit  a  decreased  training  heart  rate,  or 
report  a  decreased  training  RPE.  The  training  program  produced  a 
significant  increase  in  one  hour  maximal  repetitive  I ifting  capacity. 
The  box  mass  selected  for  the  maximal  repetitive  lifting  capacity  test 
increased  significantly  following  training,  with  no  concomitant  change 
in  TO2,  heart  rate  or  RPE.  It  can  be  concluded  that  while  psychophysical 
training  is  not  a  progressive  resistive  routine,  a  substantial  increase 
in  work  output  for  a  given  energy  expenditure  can  be  expected  in 
inexperienced  lifters.  These  increases  are  attributed  to  neural  factors 
and  possible  increases  in  the  muscular  endurance  of  specific  muscle 


groups  occurring  with  practice. 
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Introduction 


Repetitive  lifting  is  the  most  physically  demanding  aspect  of  many 
occupations  and  is  often  the  precipitating  cause  of  lower  back  injury. 
Research  studies  have  been  conducted  to  determine  safe  loads  to  reduce 
the  lifting  injury  rate,  but  some  loads  cannot  be  reduced  or  the  task 
redesigned  to  comply  with  recommendations.  This  is  particularly  true  of 
emergency  and  military  field  work,  such  as  lifting  stretchers  or  heavy 
artillery  shells.  For  this  type  of  heavy  lifting,  careful  employee 
screening  and  training  are  the  only  viable  alternatives. 

Pre-employment  screening  of  individuals  is  costly,  of  questionable 
validity  and  has  not  always  been  shown  to  reduce  injuries. 0 »*)  Asfour 
et  al.(*)  reported  that  a  four  week  endurance  and  strength  training 
program  significantly  increased  the  lifting  capability  of  healthy  young 
males.  Lifting  capability  was  defined  as  the  maximum  weight  subjects 
could  lift  and  lower  once  for  a  given  height  of  lift.  In  practice,  many 
lifting  tasks  involve  repetitive  lifting,  rather  than  a  single  maximal 
lift.  It  is  therefore  important  to  study  the  effects  of  training  on 
repetitive  lifting  capacity,,  and  in  particular,  maximal  repetitive 
I ifting. 

Military  personnel  are  required  to  participate  in  regular  physical 
training,  but  the  training  is  not  typically  directed  at  improving 
lifting  capacity.  Civilian  employees  are  generally  not  required  to 
perform  any  physical  training  due  to  administrative  cost  and  time 


constraints.  For  tasks  requiring  repeated  heavy  lifting,  a  aiore  feasible 
training  aiode  may  be  one  which  can  be  perforated  as  part  of  the  initial 
training  phase  for  new  employees.  One  approach  is  to  use  a  oiodified 
psychophysical  oiethodo I ogy ,  in  which  the  individual  performs  a  job 
specific  lifting  task  and  regulates  the  load  lifted.  This  form  of 
training  could  be  perforated  during  working  hours  and  requires  no 
specialized  equipment.  It  is  likely  to  have  a  low  injury  rate,  since  the 
individual  sets  the  exercise  intensity,  and  can  otake  adjustments 
comntensurate  with  his  own  perception  of  discomfort.  A  possible 
disadvantage  is  that  the  load  selected  may  be  too  low  to  provide 
sufficient  training  stimulus. 

The  purpose  of  this  investigation  was  to  examine  the  effectiveness 
of  a  task  specific  psychophysical  lifting  training  program  on  oiaximal 
repetitive  lifting  capacity,  muscular  strength,  muscular  endurance  and 
aerobic  capacity. 

Methods 

Eight  healthy  oiale  soldiers  volunteered  as  subjects  for  this  study.  They 
were  briefed,  medically  screened,  then  read  and  signed  an  inforoied 
consent  statement.  The  oieans  and  standard  deviations  for  their  physical 
characteristics  were  as  follows:  ages21.6  *  1.8  years,  heightsl75.9  * 
10.3  cm,  weights76.3  *  11.5  kg  and  percent  body  fat=14.1  *  4.7X.  Percent 
body  fat  was  determined  from  the  sum  of  four  skinfold  oieasurements 


(biceps,  triceps,  subscapular  and  suprailiac)  using  the  equations  of 
Durnin  and  Womers I ey . (* ) 

The  experiment  took  place  over  an  eight  week  period,  as  outlined  in 
Table  I.  During  week  1  descriptive  measures  of  muscular  strength  and 
endurance,  aerobic  capacity  and  anaerobic  power  were  made.  Adequate 
recovery  time  was  allowed  between  tests.  Lifting  familiarization  took 
place  following  data  collection  during  week  one  and  on  the  first  two 
days  of  week  two.  Subjects  lifted  low  mass  boxes  at  either  15 
lifts«min~*  or  6  lifts*min~*  to  prepare  for  subsequent  testing.  Maximal 
repetitive  lifting  capacity  was  measured  during  the  last  two  days  of 
week  two,  with  half  the  subjects  measured  each  day.  Subjects  rested  two 
full  days  prior  to  the  one  hour  test.  Psychophysical  lifting  training 
commenced  on  the  first  day  of  week  three  and  continued  (Monday  through 
Friday)  until  the  end  of  week  six.  Post-tra i n i ng  reassessment  of 
repetitive  lifting  capacity  took  place  on  the  first  two  days  of  week 
seven  and  the  box  mass  selected  was  verified  during  the  last  two  days  of 
the  week.  As  in  the  pre-test,  half  the  subjects  were  measured  each  day, 
with  a  two  day  rest  period  between  the  second  repetitive  lifting 
capacity  determination  and  the  verification  trial. 

Subjects  participated  in  a  four  week  psychophysical  lifting  training 
program,  five  days  each  week  for  45  minutes  each  day.  Training  consisted 
of  two  15  minute  bouts  of  lifting  separated  by  a  15  minute  rest  period. 
An  aluminum  box  (46.5  cm  long  x  31  cm  wide  x  23  cm  high)  was  lifted  to 
the  platform  of  a  repetitive  lifting  ergometer . (‘ )  The  ergometer 


automatically  lowered  the  box  to  floor  level  from  a  platform  height  of 
132  cm.  The  lifting  rate  was  set  at  6  lift*min~*  and  a  freestyle  lifting 
technique  was  used.  The  subject  selected  his  own  training  weight  using  a 
modified  psychophysical  methodology.  In  contrast  to  the  conventional 
psychophysical  method  in  which  subjects  are  instructed  to  choose  the 
maximum  acceptable  weight  to  be  lifted  for  an  8  hour  period,  (*)  subjects 
were  instructed  to  select  the  maximum  tolerable  weight  they  felt  they 
could  continue  lifting  for  one  hour.  The  initial  box  mass  was  alternated 
within  and  between  sessions  so  that  the  subject  started  with  either  an 
empty  (7.8  kg)  or  full  (60  kg)  box.  They  were  allowed  to  adjust  the  box 
mass  before  starting  and  at  any  time  during  the  15  minute  period  by 
adding  or  removing  steel  shot. 

Maximal  repetitive  lifting  capacity  was  assessed  in  a  manner  similar 
to  lifting  training.  The  repetitive  lifting  ergometer  was  set  to  a  132 
cm  platform  height,  and  the  subject  was  instructed  to  exercise  at  a  rate 
of  6  lifts«min~*  using  a  freestyle  lifting  technique.  Before  exercise 
began,  the  subject  adjusted  the  empty  aluminum  box  to  the  heaviest  mass 
they  felt  was  tolerable  and  which  they  could  continue  lifting  for  one 
hour.  A  total  of  eight  30  second  load  adjustments  were  allowed.  The 
first  immediately  before  lifting  commenced  and  at  5,  10,  15,  20,  30,  40 
and  50  minutes  into  the  test.  One  hour  maximal  repetitive  lifting 
capacity  was  defined  as  the  final  box  mass  (kg)  selected  by  the  subject. 

Expired  gases  were  collected  through  a  Daniels  valve  into  vinyl 
Douglas  Bags  during  the  last  two  minutes  of  repetitive  lifting.  Gas 
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samples  were  analyzed  for  fractional  concentrations  using  Beckman  LB-2 
CO2  and  Applied  Electrochemistry  S-3A  O2  analyzers.  Gas  volumes  were 
measured  using  a  Collins  chain  compensated  Tissot  spirometer,  and 
corrected  to  standard  temperature  and  pressure  of  dry  gas  (STPD)  for 
calculating  oxygen  uptake  (VO2)  snd  to  body  temperature  and  pressure  of 
saturated  gas  (BTPS)  for  determining  minute  ventilation  .  Carbon 
dioxide  output  (VCQ2)  and  the  respiratory  exchange  ratio  (R)  were  also 
calculated.  Disposable  electrodes  were  placed  in  a  CMS  configuration  and 
connected  via  wire  leads  to  an  electrocardiograph  which  was  monitored 
continuously.  The  heart  rate  reported  was  measured  over  the  last  30 
seconds  of  exercise.  Upon  completion  of  the  one  hour  lifting  task,  a 
rating  of  perceived  exertion  (RPE)  was  obtained. 0) 

Repetitive  lifting  power  output  was  calculated  using  the  following 
equation,  which  takes  into  account  the  work  in  raising  both  the  box  and 
the  lifter’s  body. 

P  =  F(WbTb  ♦  WlTl)/60.0 

where: 

P  =  power  (W) 

F  a  lift  frequency  (I ifts»min"* ) 
wb=  box  mass  (newtons) 

T0S  vertical  box  travel  (meters) 

W|^s  lifter’s  body  mass  (newtons) 

T|_s  vertical  travel  of  lifter’s  center  of  mass  (meters) 


Subjects  were  filmed  during  the  maximal  repetitive  lifting  capacity  test 
to  calculate  the  movement  of  the  lifter's  center  of  mass.  A  more 
complete  description  of  this  calculation  has  been  published 
e I sewhere . 0 )  The  efficiency  of  repetitive  lifting  was  defined  as  power 
output  converted  from  watts  to  kcal*fflin~^  using  a  conversion  factor  of 
.0143,  divided  by  absolute  oxygen  uptake  in  kcal*min~^  using  a 
conversion  factor  of  4.9. 

Maximal  oxygen  uptake  (Y02max)  was  determined  for  uphill  treadmill 
running  and  for  repetitive  lifting  exercise.  Discontinuous  protocols 
were  used  for  both  determinations.  Expired  gases  and  volumes  were 
analyzed  in  the  same  way  described  earlier,  except  that  the  gases  were 
collected  during  the  final  minute  of  exercise,  and  heart  rate  during  the 
final  30  seconds.  The  treadmill  test  began  with  a  six  minute  warm  up  at 
6  mph,  followed  by  three  to  five  additional  exercise  bouts  of  increasing 
intensity  separated  by  10  minute  rest  periods.  The  heart  rate  at  the  end 
of  the  warm  up  was  used  to  determine  speed  and  the  intensity  was 
controlled  by  increasing  the  treadmill  grade. (*)  Treadmill  V02max  was 
defined  as  less  than  0.15  l•min~*  increase  in  oxygen  uptake  with  a  2.5X 
increase  in  grade. 

The  repetitive  lifting  T02max  test  was  conducted  on  the  repetitive 
lifting  device.  The  platform  height  was  132  cm  and  the  lifting  rate  was 
15  lifts*min~^  .  A  three  minute  warm  up  with  a  15  kg  box  was  followed  by 
three  to  five  additional  lifting  bouts  with  increased  box  mass  separated 
by  10  minute  rest  periods.  Repetitive  lifting  702max  was  defined  as  a 


plateau  in  VO2  with  an  increase  in  box  mass  of  2  kg,  or  as  the  highest 
oxygen  uptake  obtained  before  the  subject  was  unable  to  continue. (*) 
Each  subject  practiced  lifting  for  several  sessions  to  allow  for 
familiarization  with  the  apparatus  and  technique  development. 

Isometric  handgrip  was  measured  in  a  seated  position  with  the 
forearm  resting  on  a  table.  The  handgrip  device  was  adjusted  to  produce 
a  150°  angle  at  the  third  metacarpal  phalangeal  joint  and  110°  at  the 
proximal  interphalangeal  joint  of  the  third  finger. 0°)  Back  extensor 
strength  was  measured  in  a  standing  position  with  a  strap  placed  around 
the  subjects  shoulders  and  attached  at  chest  level  to  an  electronic  load 
cel  1.00  An  indicator  provided  a  digital  readout  for  both  isometric 

I 

measurements.  The  mean  of  the  highest  two  of  three  exertions  was 
recorded  as  the  isometric  strength  of  the  respective  muscle  group. 

Isoinertial  lifting  strength  was  determined  using  two  different 
methods.  With  the  first,  the  subject  repeatedly  lifted  the  handles  of  a 
weight  stack  machine  from  a  starting  handle  height  of  40  cm  to  a  final 
handle  height  of  152  cm.O*)  The  mass  lifted  was  increased  by  4.5  kg 
with  each  lift,  until  the  subject  failed  at  a  lifting  attempt.  A  bent 
knee  straight  back  lifting  technique  was  required.  The  mass  range  of  the 
weight  stack  was  20-91  kg.  The  last  successful  load  lifted  prior  to 
failure  was  accepted  as  the  one  repetition  maximum  (IRM)  machine  lift. 

A  second  assessment  of  isoinertial  lifting  strength  was  made  using 
the  repetitive  lifting  ergometer  with  the  platform  locked  at  132  cm  and 
a  box  similar  to  that  used  during  the  repetitive  lifting  capacity  test. 


Following  a  warm  up,  mass  was  added  to  the  box  with  each  successful  lift 
in  increments  between  1  and  11  kg.  One  minute  rest  was  allowed  between 
lifts,  and  an  attempt  was  made  to  reach  the  subject’s  maximum  within  5 
to  7  lifts.  The  last  successful  weight  lifted  prior  to  subject  failure 
was  accepted  as  the  IRM  box  lift.  Experienced  test  administrators  st-ood 
on  either  side  of  the  subject,  and  assisted  in  lowering  the  box  during 
the  final,  incomplete  lift.C*) 

Isokinetic  strength  and  endurance  for  left  elbow  flexion  and  right 
knee  extension  were  determined  using  a  Cybex  II  isokinetic  dynamometer. 
Strength  was  determined  at  angular  velocities  of  30  and  180  '**sec~^. 
(io,ia)  Three  contractions  were  performed  at  each  speed  with  one  minute 
rest  between  contractions.  The  mean  of  the  two  highest  of  the  three 
contractions  was  selected  as  the  final  score.  In  order  to  test 
isokinetic  endurance  fifty  contractions  were  performed  at  180  '’•sec~*  . 
0^)  Fifty  knee  extensions  were  completed  in  60  sec,  but  due  to  the 
greater  range  of  motion  50  maximal  elbow  flexions  took  80-85  seconds  to 
complete.  The  two  calculations  made  to  examine  isokinetic  endurance  were 
percent  torque  decrease  (PTD)  which  was  the  percent  decrease  in  peak 
torque  between  the  highest  three  of  the  first  and  last  four  contractions 

and  mean  peak  torque  (MPT)  which  was  the  mean  of  all  50  contractions, 

(is) 

Paired  t-tests  were  used  to  determine  the  significance  of  changes 
observed  in  the  descriptive  measures  pre  to  post  lifting  training. 
Repeated  measures  analysis  of  variance  (ANOV)  was  used  to  compare  the 


three  maximal  repetitive  lifting  capacity  tests.  A  preset  alpha  level  of 
.05  was  selected  to  represent  a  significant  difference  unless  otherwise 
noted  in  the  text. 

Resu I ts 

The  final  box  mass  selected,  final  RPE  and  final  heart  rate  over  20  days 
of  repetitive  lifting  training  are  illustrated  in  Figures  1  and  2.  There 
was  no  significant  difference  in  the  training  load  selected  due  to  the 
initial  box  mass  (heavy  or  empty),  nor  was  there  a  difference  between 
trials  one  and  two.  For  this  reason,  the  two  trials  were  averaged  for 
each  subject  within  days.  A  repeated  measures  ANOV  revealed  no 
significant  change  in  training  load,  RPE  or  heart  rate  over  20  days  of 
psychophysical  training.  The  mean  box  mass  selected  for  training  was  SIX 
of  the  pre-training  IRM  box  lift,  and  approximately  equal  to  the  pre¬ 
training  maximal  repetitive  lifting  capacity.  Training  heart  rates 
averaged  78X  (range  73-83X)  of  heart  rate  at  repetitive  lifting  T02max. 
Although  not  a  significant  change.  Figures  1  and  2  do  seem  to  show  a 
tendency  for  heart  rate  to  decrease,  while  final  box  mass  tended  to 
i ncrease. 

The  aerobic  capacity  for  treadmill  running  and  repetitive  lifting 
did  not  change  significantly  pre  to  post  lifting  training,  based  on  the 
preset  .05  level  of  significance.  However  the  absolute  V02fflax  for 
repetitive  lifting  was  different  pre  to  post  training  at  the  p<.07  level 
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of  significance.  Results  of  the  two  tests  of  aerobic  capacity  pre  and 
post  training  are  listed  in  Table  II.  Repetitive  lifting  T02niax  was 
approximately  20X  lower  than  treadmill  T02niax  before  and  after  lifting 
training.  Heart  rate  at  V02max  was  significantly  lower  post  training  for 
both  exercise  modes.  Although  repetitive  lifting  V02max  was  only  6X 
greater  pre  to  post  training,  the  box  mass  required  to  reach  V02<nax  was 
24X  greater  (p<.01)  after  lifting  training.  This  increase  in  box  mass 
was  accompanied  by  20X  increases  in  power  output  and  total  work 
performed. 

The  strength  and  endurance  measurements  made  before  and  after 
lifting  training  are  listed  in  Table  III.  Isometric  trunk  strength  was 
significantly  increased  11. 7X  following  lifting  training,  while 
isometric  handgrip  did  not  change.  Of  the  two  isoinertial  lifting  tests, 
only  the  task  specific  IRM  box  lift  was  significantly  greater  (4.3  kg) 
following  training.  Isokinetic  leg  extension  strength  at  180  ^•sec~*  was 
increased  13. 4X  after  lifting  training,  but  this  was  not  reflected  in 
any  other  isokinetic  strength  aieasurement.  Isokinetic  leg  extension 
endurance  measured  as  MPT  was  significantly  greater  following  lifting 
training,  however  there  was  no  significant  difference  in  PTD.  Isokinetic 
arm  flexion  endurance  was  not  significantly  changed  following  training. 

Values  obtained  at  the  end  of  the  one  hour  maximal  repetitive 
lifting  capacity  tests  are  presented  in  Table  IV.  There  was  a  26X 
increase  in  maximal  repetitive  lifting  capacity  pre  to  post  training. 
Subjects  selected  a  load  equal  to  50. 3X  of  their  pre-training  IRM  box 


I 


lift  during  trial  one.  The  post  training  load  selected  represented  59. 2X 
of  post  training  IRM  box  lift.  Since  lifting  height  and  rate  did  not 
change  from  pre  to  post  training  an  increase  in  box  mass  selected 
produced  a  significant  11%  increase  in  both  power  output  and  work  done. 
There  were  no  significant  differences  in  the  cardiorespiratory  aieasures, 
RPE  or  efficiency  at  the  end  of  the  one  hour  lifting  task  from  pre  to 
post  training.  The  maximal  repetitive  lifting  capacity  test  intensity 
was  68.5%  and  67.2%  of  repetitive  lifting  VO21MX  before  and  after 
training,  respectively. 

The  third  maximal  repetitive  lifting  capacity  trial  was  performed  to 
ensure  that  subjects  were  capable  of  completing  a  full  hour  of  lifting 
the  final  box  mass  selected  during  trial  2.  Subjects  were  not  permitted 
to  make  any  changes  in  the  box  mass  during  trial  3.  There  were  no 
significant  differences  found  in  the  final  values  for  maximal  repetitive 
lifting  capacity  from  the  post  training  trial  to  the  verification  trial. 
All  subjects  were  able  to  lift  the  final  load  selected  during  trial  2 
for  a  full  hour  during  trial  3.  The  final  load  on  trial  2  is  not  exactly 
the  same  as  trial  3  due  to  one  subject  who  increased  the  box  aiass  from 
33.6  kg  to  35.3  kg  at  the  30  minute  adjustment.  He  was  almost  unable  to 
continue  at  minute  50,  when  he  decreased  the  box  mass  to  28.7  kg  for  the 
last  10  minutes  of  lifting.  Based  on  the  subject’s  physiological 
responses,  it  appeared  that  the  final  box  mass  adjustment  was  an 
overcompensation.  During  the  verification  trial,  this  subject  was 
assigned  a  33.6  kg  box  and  was  able  to  complete  the  full  hour  of 


Discussion 


These  dats  indicate  that  psychophysical  lifting  training  is  an 
effective  way  of  improving  job  performance  in  inexperienced  lifters. 
Subjects  were  able  to  lift  a  heavier  box  mass  during  the  V02niax  test, 
the  IRM  box  lift  and  most  importantly  for  one  hour  during  the  maximal 
repetitive  lifting  capacity  test.  Lifting  training  did  not  increase  the 
general  physical  fitness  of  the  subjects. 

Psychophysical  lifting  training  at  73-83X  of  maximum  heart  rate  for 
repetitive  lifting  was  not  effective  in  eliciting  a  cardiovascular 
training  effect.  The  increase  in  maximal  oxygen  uptake  for  repetitive 
lifting  following  training  did  not  quite  meet  the  5X  level  of 
significance.  This  is  in  accord  with  most  studies  of  progressive 
resistance  training  which  show  little  or  no  increases  in  aerobic 
capacity. 0*)  The  fact  that  subjects  did  not  select  a  significantly 
heavier  box  over  the  four  week  training  period  is  in  keeping  with  their 
training  heart  rate  and  RPE  which  did  not  change.  The  weight  selected 
was  probably  an  accurate  representation  of  what  they  felt  capable  of 
doing  for  a  one  hour  period,  rather  than  a  lack  of  motivation  to  perform 
lifting  exercise.  Utilizing  heart  rate  as  a  measure  of  training 
intensity  it  aiay  be  concluded  that  training  at  73-83X  of  heart  rate  at 
repetitive  lifting  ▼02max  was  not  a  sufficient  stimulus  to  produce  a 
cardiovascular  training  effect  in  these  subjects. 


Psychophysical  lifting  training  produced  a  significant  increase  in 
physical  work  capacity  during  the  maximal  repetitive  lifting  capacity 
test,  as  evidenced  by  an  increased  box  mass  lifted.  This  was  true  in 
both  an  absolute  sense  and  relative  to  IRM  box  lift.  Maximal  repetitive 
lifting  capacity  relative  to  iRM  box  lift  was  increased  pre  to  post 
training  (50.3  vs  59. 2X),  despite  the  fact  that  IRM  box  lift  was 
significantly  greater  post  training.  The  increased  box  mass  was  not 
accompanied  by  a  significantly  increased  energy  cost  and  was  not 
perceived  to  be  more  difficult  to  lift.  The  increase  in  lifting  capacity 
appeared  to  be  highly  task  specific,  since  the  IRM  box  lift  increased 
while  the  IRM  machine  lift  did  not.  The  IRM  box  lift  was  measured  using 
similar  equipment  and  procedures  as  used  during  training,  while  the  IRM 
machine  lift  required  a  different  lifting  technique  and  different 
equipment. 

The  percent  increase  in  maximal  repetitive  lifting  capacity  and  box 
mass  during  repetitive  lifting  TOgmax  were  26X  and  24X,  respectively, 
while  the  increase  in  repetitive  lifting  VOgmax  and  IRM  box  lift  were 
only  about  7X.  It  appears  that  the  dramatic  increase  in  lifting  capacity 
cannot  be  completely  explained  by  increases  in  either  IRM  box  lift  or 
aerobic  capacity.  The  tiaie  course  of  muscle  strength  gains  due  to 
progressive  resistance  training  has  been  shown  to  be  dependent  upon  an 
initially  dominant  neural  component  (first  two  weeks),  which  is 
gradually  replaced  by  a  hypertrophic  component  (weeks  3  to  5).0^)  It  is 
likely  that  the  neural  component  was  largely  responsible  for  the 


iiiy>roved  mx'imI  repetitive  lifting  capacity  following  psychophysical 
tra  i  n  i  ng . 

Isometric  trunk  extension  strength  was  lOX  greater  following  lifting 
training.  These  soldiers  were  not  experienced  lifters  prior  to  the 
study,  and  psychophya i ca I  lifting  training  may  have  provided  sufficient 
stimulus  to  increase  back  extensor  strength.  The  increase  in  isokinetic 
leg  extension  strength  at  180  **sec~*,  with  no  change  at  30"«sec~^  is 
more  difficult  to  explain.  It  may  be  a  speed  specific  training  effect 
such  as  an  increased  ability  to  recruit  fast  contracting  motor  units. 
Since  psychophysical  training  did  not  involve  progressive  resistance,  it 
is  not  surprising  that  general  increases  in  muscular  strength  and 
endurance  measures  were  not  observed.  It  may  be  that  only  those  muscle 
groups  without  an  adequate  "strength  reserve*  for  repetitive  lifting 
were  stressed  sufficiently  to  show  strength  increases.  The  significant 
increase  in  isokinetic  leg  extension  MPT  indicates  that  muscular 
endurance  is  also  affected  by  psychophysical  lifting  training.  Perhaps 
muscular  endurance  is  more  important  in  aiaximal  effort  repetitive 
lifting  than  absolute  muscle  strength. 

Psychophysical  training  allowed  the  subjects  to  perform  more  work 
over  one  hour  and  at  aiaximal  aerobic  capacity  without  increasing  the 
energy  cost.  It  resulted  in  an  increased  IRM  box  lift  without  increasing 
IRM  machine  lift  and  increased  isokinetic  leg  extension  MPT  with  no 
change  in  arm  flexion  endurance.  Psychophysical  training  is  more  likely 
to  produce  highly  skilled  lifters,  than  individuals  who  are  stronger  and 


More  physically  fit.  Despite  increases  in  IRM  lift  capacity  and  V02max 
of  less  than  lOX,  the  one  hour  maximal  repetitive  lifting  capacity  was 


increased  26%  following  four  weeks  of  training.  If  the  goal  in 
instituting  a  training  program  is  to  improve  job  performance,  task 
specific  psychophysical  training  of  this  type  will  improve  the  maximal 
repetitive  lifting  capacity  of  inexperienced  lifters.  The  effects  of 
this  type  of  training  on  experienced  lifters  cannot  be  extrapolated  from 
these  data.  The  maximal  repetitive  lifting  capacity  test  could  be  used 
as  a  pre-employment  screening  task  as  well.  Employees  might  be  expected 
to  perform  15-20%  more  work  after  several  weeks  on  the  Job  than  they 
were  able  to  complete  on  the  screening  test.  Appropriate  entrance  level 
lifting  capacities  could  be  established  based  on  lifting  experience  and 
initial  ability. 
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TABLE  I 


Experimental  Design 

Week  Measurements 

1  Descriptive  Measures: 

Aerobic  capacity-repetitive  lifting  and  treadmill  runn 
maximal  oxygen  uptake 
Muscular  strength  and  endurance 
Isometric  handgrip  strength 
Isoinertial  lifting  strength  (machine  and  box) 
Isokinetic  leg  extension  and  arm  flexion  strength 
Isokinetic  endurance 
Lifting  familiarization 

2  Lifting  fami I iarization 

Maximal  repetitive  I ifting  capacity  (pre-test) 

3-6  Psychophysical  I ifting  training 

7  Maximal  repetitive  lifting  capacity  (post-test  and 

verification) 

8  Post  training  descriptive  measures  (see  week  1) 


TABLE  II 

Aerobic  Capacity  for  Treadmill  Running  and  Repebitive  Lifting  Before 
and  After  Lifting  Training  (Mean  and  SO) 


li  f 


$ 


‘Significant  difference  pre  to  post  training  (p<.05) 


NA=Not  Applicable  to  treadmill  exercise. 


TABLE  III 


i' 


Strength  and  Endurance  Measured  Before  and  After  Lifting  Training 


Pre-T  ra i n i ng 
Mean  *  SO 


Post  Training 
Mean  *  SO 


I 


Trunk  Extension  (kg) 

85.1  * 

17.3 

95.0  *13. 5» 

Handgr i p 

59.3  * 

10.3 

61.9  *12.5 

Machine  Lift  (kg) 

72.0  * 

10.7 

73.2  *13.2 

Box  Lift  (kg) 

63.8  * 

13.8 

68.1  *13. 5‘ 

Arm  Flexion  30®«sec“‘ 

57.1  * 

8.4 

58.6  *12.8 

180“ •sec“‘ 

46.4  * 

7.3 

46.3  *14.4 

Peak  Torque  Decrease 

61.0  * 

4.3 

57.9  *  7.9 

Leg  Extension  30“*sec“‘ 

203.4  * 

51.0 

216.6  *64.1 

180“ •sec"‘ 

132.1  * 

30.3 

149.8  *37. 4‘ 

Peak  Torque  Decrease 

64.7  * 

12.8 

61.2  *10.0 

‘Significant  change  pre  to  post  training  at  the  .05  level 


Pre-Training  Post  Training  Verification 


Box  Mass  (kg) 

VO2  (l•min-‘) 

(ml* kg  BW*mi n"* ) 
Tg  (l•min~‘) 

Heart  Rate  (bpm) 

R 

RPE 

Work  (kJ)* 

Power  (W) 
Efficiency  (X) 
VCO2  (l•min~‘) 


31.5 

* 

6.4 

2.03 

A 

0.42 

26.5 

3.1 

62.7 

± 

19.8 

172.5 

A 

12.1 

.06 

0.02 

18.0 

± 

1.6 

247.1 

29.7 

71.7 

± 

0.8 

10.5 

± 

1.1 

39.7 

* 

8.5' 

2.17 

* 

0.23 

28.5 

2.9 

69.5 

± 

10.2 

170.4 

13.9 

.97 

* 

0.04 

17.2 

± 

2.4 

277.6 

* 

30.4' 

80.0 

11. 3‘ 

10.8 

± 

1.2 

27.8 

± 

2.9 

40.7 

± 

7.9 

2.21 

A 

0.26 

29.0 

3.2 

68.0 

± 

10.5 

169.4 

15.6 

.95 

± 

0.04 

17.0 

2.1 

294.6 

38.2 

81.4 

11.2 

10.7 

0.9 

27.6 

± 

3.5 

25.5  *  3.2 


Figure  1 — Final  box  mass  selected  and  RPE  reported  over  20  days  of 
psychophysical  lifting  training.  Each  point  represents  the  mean  of  two 
trials  for  eight  subjects. 

Figure  2 — Mean  final  heart  rate  measured  at  the  end  of  two  15  minute 
bouts  of  psychophysical  lifting  training  across  20  days.  (n=8) 
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